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(cf. [Nal]: [Na2], [Na3]).
$.N$ $k$
$Gr_{k}(TN)$ . $Gr_{k}(TN)$ $\Sigma$
. $N$ M $x\in M$ $T_{x}(M)\cdot\in\Sigma$












[Lal], [ $\mathrm{L}\mathrm{a}2|,[\mathrm{B}\mathrm{r}|,[\mathrm{c}\mathrm{s}|,$ [ $\mathrm{M}\mathrm{e}|[\mathrm{M}\mathrm{a}|,$ [$\mathrm{H}\mathrm{i}7|$
1
[Lal], [La2] . [Ma] calibrated
. $SU(n)$
special Lagrangian ,
$G_{2}$ 7 (see $[\mathrm{J}_{0}1],[\mathrm{J}\mathrm{o}2]$ ) associative
coassociative Spin(7) 8 $\mathrm{t}j$
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[Br], [CS], [Me] Legendre
torsion-free .
$Sp(n)$ hyperkihler
. Ricci flat Levi-Civita
3 $J_{1},$ $J_{2},$ $J_{3}$
.
$(N, \omega, J)$ $f$ : $Marrow N$
$x\in M$ , $J_{f(x)}((df)_{x}T_{x}M)\subset(df)_{x}T_{x}M$ (complex
submanifold) . .
$(N,\omega, J)$ $f$ : $Marrow N$ $x\in M$ ,
$J_{f(x)}(Tf(x)M)$ N $T_{x}M$
$\omega$ M (totally
real submanifold) . $(N, \omega)$ \mbox{\boldmath $\omega$}
M $M$ 2 $\dim M=\dim N$
Lagrangian . $SU(n)$
$N$ Lagrangian $M$ $N$ n- $\alpha+\sqrt{-1}\beta$





Hitchin [Hil] $M$ $G$
$P$






special Lagrangian . special Lagrangian
hyperk\"ahler Lagrangian (complex Lagrangian
submanifold) (see $[\mathrm{H}\mathrm{i}5|$ ).
. $(G, K, \sigma)$ $P$ $G$
$I\mathrm{t}^{\nearrow}$ reduction – [MO]
Hitchin $\mathrm{h}_{\mathrm{y}\mathrm{P}^{\mathrm{e}\mathrm{r}}}\mathrm{k}\ddot{\mathrm{a}}$hler .
1. HITCHIN $\mathrm{s}_{\mathrm{E}\mathrm{L}\mathrm{F}}$ DUALITY
$M$ $G$ $-$
$\mathrm{g}$ $-$
. $P$ $M$ $G$ . $A_{P}$
$P$ $C^{\infty}$ - . $\Omega^{1}(\mathfrak{g}_{P})$ $\mathrm{g}_{P}$
$M$ – . $P$ $A$





$F(A)$ $A$ . $\overline{\mathcal{M}}(M, G, P)$ $(*)^{G}$
$C^{\infty}$ - . $P$ $\mathcal{G}_{P}$ $A_{P}\mathrm{x}\Omega^{1}(\mathrm{g}_{p)}$
$(A, \phi)$ $[A, \phi]$ . $\mathcal{M}(M, G, P)=\overline{\mathrm{A}t}(M, c, P)/\mathcal{G}P$
$(*)^{G}$ .
$\mathcal{M}(M, G, P)$ $L^{2}-$ .
$[A, \phi]\in A_{P}\mathrm{X}\Omega 1(9P)$
$\Gamma_{(A,\phi)}:=\{g\in \mathcal{G}P|g^{*}(A, \emptyset)--(A, \phi)\}=\{e\}$
(regular) .
$\mathrm{A}P^{*}(M, G, P)=$ { $[A,$ $\phi]\in M(M,$ $G,$ $P)|[A,$ $\phi]$ }
. $\mathcal{M}^{*}(M, G, P)$ $([\mathrm{H}\mathrm{i}2], [\mathrm{M}\mathrm{O}])$ . $M$
$P$ 1 $M(M, G.’ P)$ 4 $\dim G(P-1)$
([H2], [H3]).
$\mathcal{M}(M, G, P)$ hyperk\"ahler Hitchin




(1.2) $\omega(\psi_{1}, \psi_{2})=\langle\text{ }(\psi 1), \psi_{2}\rangle_{L^{2}}$ .
. $(A_{P}, \omega)$ $\mathcal{G}_{P}$
(13) $\mu(A)=*F(A)\cong F(A)$ .
$\mu:A_{P}arrow\Omega^{0}(\mathrm{g}P)\cong\Omega 2(\mathfrak{g}P)$,




. $A_{P}\cross\Omega^{\overline{1}}(\mathrm{g}P)$ 3 \mbox{\boldmath $\omega$}1, $\omega_{2},\omega_{3}$ $(\psi_{1}, \phi_{1}),$ $(\psi_{2}, \phi_{2})\in$
$\Omega^{1}(\mathrm{g}_{P})\oplus\Omega 1(\mathrm{g}_{P})$
$\omega_{1}((\psi_{1}, \phi_{1}),$ $(\psi 2, \phi 2))=-\langle*\psi_{1}, \psi_{2}\rangle L2+\langle*\phi_{1}, \emptyset 2\rangle L^{2}$ ,
(1.5) $\omega_{2}((\psi_{1}, \phi 1),$ $(\psi 2, \emptyset 2))=-\langle\psi_{1}, \phi_{2}\rangle_{L^{2}}+\langle\phi 1, \psi_{2}\rangle_{L}2$ ,
$\omega_{3}((\psi 1, \phi_{1}),$ $(\psi 2, \phi 2))=\langle\phi 1, *\psi_{2}\rangle L2-\langle\phi 2, *\psi 1\rangle_{L}2$ ,
.
$\omega_{1},$ $\omega_{2}$ and $\omega_{3}$ $A_{P}\mathrm{x}\Omega^{1}(\mathrm{g}_{P})$ $\mathcal{G}_{P}$
$\mu_{1}(A, \emptyset)=F(A)-\frac{1}{2}[\phi\wedge\phi]\backslash$ ,








$\mathcal{M}(M, G, P)=\overline{\mathcal{M}}(M, G, P)/\mathcal{G}_{P}=\mathrm{n}^{3}\mu_{i}^{-1}(0)/\mathcal{G}P$
$i=1$
. $A_{P^{\cross\Omega^{1}}}(\mathfrak{g}_{P})$ $L^{2_{-\rceil}}j-$
(1.9) $g((\psi_{1}, \phi_{1}),$ $(\psi 2, \emptyset 2))=\langle\psi_{1}, \psi 2\rangle_{L}2+\langle\emptyset 1, \emptyset 2\rangle_{L}2$
. $A_{P}\cross\Omega^{1}(\mathrm{g}P)$ 3
$J_{1}(\psi_{1}, \phi_{1})=(-*\psi 1, *\phi 1)$ ,
(1.10) $\text{ _{}2}(\psi 1, \phi_{1})=(\phi 1, -\psi 1)$,
$J_{3}(\psi_{1}, \phi_{1})=(-*\phi_{1}, -*\psi_{1})$
.
$\omega_{1}((\psi_{1}, \emptyset 1),$ $(\psi 2, \phi_{2}))=g(^{\text{ _{}1}}(\psi_{1}, \phi_{1}),$ $(\psi 2, \phi_{2}))$ ,
(1.11) $\omega_{2}((\psi_{1}, \emptyset 1),$ $(\psi 2, \phi_{2}))=g(\text{ _{}2}(\psi_{1}, \emptyset 1),$ $(\psi_{2}, \phi_{2}))$ ,
$\omega_{3}((\psi 1, \phi_{1}),$ $(\psi_{2}, \phi_{2}))=g(^{\text{ }}3(\psi 1, \phi_{1}),$ $(\psi 2, \phi_{2}))$
. $A_{P}\cross\Omega^{1}(\mathrm{g}_{P})$ hyperk\"ahler
. hyperk\"ahler quotient ([HKLR], [H2])








$p$ : $\mathcal{M}(M, G, P)arrow\oplus H^{0}(M;K^{\bigotimes_{M}d})$
$i=1$
$p([A, \emptyset])=$ ( $p_{1}(\phi’),$ $\cdots$ ,p $(\phi’)$ ) . $IC_{M}$
$M$ $\phi’$ $\phi$ $(1,0)$- .
Hamilton $([\mathrm{H}\mathrm{i}3])$ .




[M-O] $(*)^{G}$ – , $G/K$
.
. $(G, K, \sigma)$ . -
$(\mathrm{g}, \mathrm{t}, \sigma)$ - $G$ $I\mathrm{t}^{r}$
$(G, K)$ . $Q$ $I\mathrm{t}’$ M . $\mathrm{g}=\mathrm{e}+\mathfrak{m}$
$\mathrm{g}$ $G/K$ . $M$
:
$k_{Q}:=Q\mathrm{x}_{K}\mathrm{e},$ $\mathfrak{m}_{Q}:=Q\mathrm{x}_{K}\mathfrak{m},$ $\mathfrak{g}_{Q}:=Q\mathrm{x}_{K\emptyset}$
$\mathrm{g}_{Q}=\mathrm{e}_{Q}\oplus \mathfrak{m}_{Q}$ . $\mathfrak{g}_{Q}\cong$ P . $A_{Q}$











(2.1) $\overline{\mathcal{M}}(M, G/K, Q)$
$=$ { $(A,$ $\phi)\in A_{Q}\cross\Omega^{1}(\mathfrak{m}_{Q})|(A,$ $\phi)$ $(*)^{G/K}$ C\infty - }




. $(*)^{G/K}$ C\infty -
(22) $\mathcal{M}(M, G/K, Q)=\overline{\mathcal{M}}(M, G/K, Q)/\mathcal{K}Q$
. $A$ $I\acute{\mathrm{t}}$ {
$A\in A_{Q}$ (irreducible) . $[A, \phi]\in A_{Q}\cross\Omega^{1}(\mathfrak{m}Q)$
$\Gamma_{(A,\phi)}:=\{k\in \mathcal{K}_{Q}|k^{*}(A, \phi)=(A, \emptyset)\}=\{e\}$
(regular) .
$\mathcal{M}^{*}(M, G/K, Q)=$ { $[A,$ $\phi]\in \mathcal{M}(M,$ $G/K,$ $Q)|[A,$ $\phi]$ },
$\mathcal{M}(M, G/K, Q)^{irr}=$ { $[A,$ $\phi]\in M(M,$ $G/K,$ $Q)|[A,$ $\phi]$ }
$\mathcal{M}^{*}(M, G/K, Q)^{irr}=\mathcal{M}^{*}(M, G/K, Q)\cap \mathcal{M}(M^{-},G/K, Q)^{irr}$
. $\mathcal{M}^{*}(M, G/K, Q)^{irr}$ $([\mathrm{M}\mathrm{O}|)$ .







$(G, K, \sigma)$ . -
$(\mathrm{g}, k, \sigma)$ - $G$ $I\acute{\mathrm{t}}$
.
.. $G$ $I\acute{\backslash }$ $P$ $Q$
(reduced subbundle) . $G$ $I\acute{\mathrm{t}}$
? .
.
(3.1) { $Q|$ reduced subbundles of $P$ to the structure group $IC$ }
$\cong C^{\infty}(M;P\mathrm{X}_{G}(G/K))$ ,
$P\cross c(G/K)$ $G/K$ $G$
$P$ . .-. .
M $I\mathrm{t}^{\nearrow}$ $Q$ $G$ $P$ K
. $Q$ $I\acute{\mathrm{t}}$ $G$
$I\iota^{\nearrow}$ $G$ $G$ $M$ $P=Q\mathrm{x}_{K}G$
. $K$ $Q\#\mathrm{h}_{\text{ } }$@




$Q$ $P$ $K$ ,
(32) $A_{Q}arrow A_{P}$
(3.3) $\Omega^{1}(\mathfrak{m}_{Q})arrow\Omega^{1}(_{9P})$
. $k\in \mathcal{K}_{Q}$ $P\cong Q\cross_{K}G$ ,
$\mathcal{K}_{Q}arrow \mathcal{G}_{P}$
. :
(3.4) $\tilde{j}_{Q}$ : $\overline{\mathcal{M}}(M, G/K, Q)arrow\overline{\mathcal{M}}(M, G, P)$ .
$\mathcal{K}_{Q}$ $\mathcal{G}_{P}$ .
$(G, K, \sigma)$ $Q\in C^{\infty}(M;P\cross_{G}(G/K))$
(3.5) $j_{Q}$ : $\mathcal{M}(M, G/K, Q)arrow \mathcal{M}(M, G, P)$
. $j_{Q}$ .
. .
. $N_{G}(\mathrm{e})=\{a\in G|Ad(a)\mathrm{t}=\mathrm{t}\}$ G $\mathrm{t}$ .
$N_{G}(\mathrm{f})$ , $-$ { $N_{G}(\mathrm{t})/K$ . $(G, N_{G}(\not\in))$
$(\mathfrak{g}, \mathrm{f}, \sigma)$ .
3.1 $([\mathrm{O}\mathrm{h}])$ . $N_{G}(\mathrm{e})=I\mathrm{t}r$ .
$j_{Q}$ : $\mathcal{M}(M, G/K, Q)^{irr}arrow \mathcal{M}(M, G, P)$
.
3.2 $([\mathrm{O}\mathrm{h}])$ . $N_{G}(\mathrm{g})=I\mathrm{c}\nearrow$ .
$j_{Q}(\mathcal{M}^{*}(M, G/K, Q)^{irr})\subset \mathrm{A}t^{*}(M, G, P)$
. $j_{Q}$ $\mathcal{M}^{*}(M, G/K, Q)^{irr}$ $\mathcal{M}^{*}(M, G, P)$
.




4.1 $([\mathrm{O}\mathrm{h}])$ . $G$ $\mathrm{g}$ $-$ $P$ $\rceil j-$
$M$ $G$ . $(\mathrm{g}, \mathrm{e}, \sigma)$
$(G, K)$ $P$ $K$ $Q\in C^{\infty}(M;P\cross_{G}(G/K))/\mathcal{G}_{P}$
(1) $\mathcal{M}(M, G/K, Q)$ $\text{ _{}1}$ $\mathcal{M}(M, G, P)$ .
(2.) $\mathcal{M}(M, G/K, Q)$ $J_{2}$ $J_{3}$ $\mathcal{M}(M, G, P)$
.
(3) 2 $\dim \mathrm{A}\not\in(M, G/K, Q)=\dim \mathcal{M}(M, G, P)$ .
, $\mathcal{M}(M, G/K, Q)$ hyperk\"ahler $\mathcal{M},(.M, G, P)\backslash$ Lagrangian
.
4.2 $([\mathrm{O}\mathrm{h}])$ . $G$ $-$ $P$ $M$
$G$ . $(\mathrm{g}, \mathfrak{k}, \sigma)$ $(G, K)$
$P\text{ }.$ It’ $Q\in C^{\infty}(M;P\cross_{G}(G/K))/\mathcal{G}_{P}$
$j_{Q}$ : $\mathcal{M}(M, G/K, Q)arrow \mathcal{M}(M, G, P)$
.
5. k-





$\sigma$ . $[\mathrm{g}_{i}^{\mathrm{C}}, \mathrm{g}_{j}]\mathrm{C}\subset 9_{ij}^{\mathrm{C}}+$ .
$\^{\mathrm{C}}=\mathfrak{g}_{0}^{\mathrm{c}}$ , $\mathfrak{m}^{\mathrm{C}}=$ $.\oplus$ $\mathrm{g}_{i}^{\mathrm{C}}$
$i\in \mathrm{z}_{k}\backslash \{0\}$
$\mathrm{g}=\mathrm{f}+\mathfrak{m}$ .
$\dot{M}$ $I\mathrm{t}’$ $Q$ .
$\mathrm{g}_{Q}=\mathrm{t}_{Q^{\oplus}}\mathfrak{m}Q$ , $\mathrm{g}_{Q}^{\mathrm{c}\mathrm{c}\circ}=\mathrm{k}_{Q^{\oplus \mathfrak{m}}}Q$










. $\phi=\phi’+\overline{\phi’}$ . $()_{\mathrm{f}}$ $\mathfrak{g}=\mathrm{f}+\mathfrak{m}$ $(\cdot)$
e- .
$\overline{\mathcal{M}}(M, G/K, Q)$
. $=$ { $(A,$ $\phi’)\in A_{Q}\cross\Omega^{1,0}((.\mathrm{g}^{\mathrm{c}}1)_{Q})|(A,.\phi)$ is asolution to $(*)^{G/K}$ }
.
$(*)^{G/K}$
$\mathcal{M}(M, G/K, Q)=\overline{\mathcal{M}}(M, G/K, Q)/\mathcal{K}Q$
.
5.1 $([\mathrm{O}\mathrm{h}])$ . $G$ $-$ $P$ $M$
$G$ . – $G$ k(>2)-
$(G, K, \sigma)$ $Q\in C^{\infty}(M;P\cross G(G/K))/g_{P}$ )
(1) $\mathcal{M}(M, G/K, Q)$ $\text{ _{}1}$ $\mathcal{M}(M, G, P)$ .
(2) $\mathcal{M}(M, G/K, Q)$ $\text{ _{}2}$ 3 $\mathcal{M}(M, G, P)$
, , $\mathcal{M}(M, G/K, Q)$ $\mathcal{M}(M, G, P)$ .
. 2 $\dim \mathcal{M}(M, G/K, Q)<\dim \mathcal{M}(M, G, P)$ ?
? ?
. ( )
[KS1], [KS2], [It] .
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